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Abstract not available for CN 1384539 
Abstract of corresponding document: US20021 60559 
The present invention relates to a capacitor 
structure suitable for semiconductor devices and 
a method for manufacturing such capacitors for 
highly-integrated memory devices using a TaON 
dielectric layer having a high dielectric constant. 
The capacitor is produced on a semiconductor 
substraie by forming an insuiating inieriayer on 
the substrate, forming a contact hole through the 
insulating interlayer, forming a contact plug in the 
contact hole, forming a lower electrode with MPS 
that is electrically connected to the contact plug, 
doping the lower electrode, forming a TaON 
dielectric layer on the lower electrode, annealing 
the TaON dielectric layer, and forming an upper 
electrode layer on the TaON dielectric layer. 
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& m n * # 



#1/5 jE[ 



1. — #t-f-f-^/C#*$.S^#'Jit^-*. £#4ME.^&&-: 

5 £*fi£-f MPS(&&&*k : Meta-Stable-Silicon)#T 

& 550—660 t 6*7 ^^(phosphorus)^ *l #CT*W ifc T^P % 3fSi£4f 

MPS tft T^P fe#tf$ ; 
£ 550— 650 °C SA#*#(phosphorus) *L & T *t * # #f i£ MPS T 

£#fi£ TaON ^tMJ:*AJ:<Pt*L^^* . 

25 ; 



5 fc^AJl^A MPS Mr&jiSrm.fr j 

£*fi£ MPS >&i^ 550^660 T:^ja*^^^«LT«t^fjfe#-^^^ 
10 *#fe*!fr^£#4*ttfe&UUM' mps 

m*>x$L¥b&m &&&& . % -aw ^ _t & . 

*fc**f* MPS Mtf%-&tSimLM&M&ft±, TaON * 

15 

* *f « TaON 700— 900t^a N 2 0 * 0 2 *UfcT*iM5 

it TaON ^%#-J&Ji^/£ _t*p #J^^ ; 

&*&Atf3&±*fiz&Lg.£. 8oo—95o S#a£Tifc#f£— &i|^*t*tf 

20 jMfc. 

f ' tf* 1 fj 100Toit^^®^^^^#-^ 

25 T^#30^120^4t. 

-f .m*m \mtm 1-5%^ ph 3 /n 2 * PH 3 /He,<£^ «* ^*st*^ 50— 

2000sccm(#;fc cc/min) . 

7. ^*L*J^1 ^,2^^-f^^#%^^^it^j* J ^#^ 
30 -f . *f*T**<l«A^W4fc(coiiCBve)#*. ^^^^(stacked structure)^ 
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R IJ I f M3/5M 



& tLte :MAm& TaON^*#&tf #J»^£ ,£N 2 0 & 0 2 *t&T-f 700~ 
900 °C Jt Tii #7 # $L . 

5 i£ i£ TaON ^ iNML^ N 2 0 & 0 2 ^^.T-f 700~ 

900°C^j&^Ti4^t— ^ii*.*h3S-#. ^NH 3 ^#LT-f- 700~900°C tfajfLT 
£ RTP(Rapid Thermal Processor)^ & t — -&ii.*.*tJ£i££ NH 3 

10 -f . ^^fi&NHs ^^.T^^fil^. £ 400~500°C tfa,£.T-F N 2 0 

11. ***L*I*4ll * 2 tfifctf 

^. -f 400~500r#a£T£N 2 OJfcCfe^#lTsiMTl *J 2 ^Ht 
15 H<fc*h**§#*. 

12. 1 J8l,2^**-f^M:/b^^*.*^#!jst**. 

^."3". ifc&te: £#/Mfs£-£*P*.#L##J*J£. £.800~950t:#a£.feffl t 

*i m rtp * % at . 

13. #4*fc.*l*# 1 >2 * 3 **fi£tt-F 

14. *»*L*J** 1 ^2 ^ 3 

3£ TiN £ ftL&zk&Hnl® M • 

15. 1 ^2 * 3 frfr— ^f^fit^-f 

25 *#^«Mfc-T- . flfa£-t*Pfc#b£JUfl TaNN WN^ WSU Ru^ RuCV Ir> 

Ir0 2 . Pt^^H#^t^^^— • 

16. 4M**l*l*# 2 W«tf**<M^fc*»«**lit:arJ*. 
■f-.^ifi TaON ^t^ii#il^S^^^N 2 0 * 0 2 ^ttf-f 700 
*! 900C#aAT&*f# • 

30 17. 2 #£tf+*<M>fr»fc***0*lifc;8rft. A#4ME. 

-J-. #fi£ TaON^**J*it#ii*.*ba^^*. £ N 2 0 i& 0 2 ^ #C 



T. -J- 700-900 °Ctf&/tT&1f-->ki£k&&js,&NH 3 1*T-f 700-900 
t***£T. -jfeRTP**^t*fr-Ait^fta. *^NHa^HT^ 400— 

-f . NH 3 K% t T£&i&&£, -f 400~500r^a>tT. £ 

n 2 o #, o 2 ^HT^t i *j 2 ^*m$** -JH**,<fc*t«*$ jM*. . 

20. ft*&*l4-*3 W*tt+*fM,#%*J****|ii#*, 

■3 1 . ^«*-^|5-Aiqjfc*|.*T^HDP(*#A^*^ ! HighDencity 
Plasma). HPSG(a*4ftjkjfc* : borophosphorous silicate glass) * SOG(*& 
spin on glass) t^'fr^—^o 

21. ft**.*!**. 3 ^*^+***#*«^*ik**...*#i66^ 

tfiftit CMP(fc#4MM**: Chemical Mechanical 

22. 4M*fe*l*#21 /5f«**+-^>t^**.*^$!iafc^* f £#4e£ 
"f. ^#^#^^J^#^^^^^ LP-CVD diRTPiMH&J*,** . 

23. ft***!** 3 tfJett+^^feMttflit*-*, 

* > m m&M&tiLft LP-CVD >PECVD A RTP 200 f'J 800A 

24. 3 tf*tf+***#**L*«$*|5fc;8rft f 
-F.*f*#A#AfcJ|*$4. SiON 300 1000 
A. 

25. #4frfe*J4.*. 3 W*«+***#*«^fjjt*at. 

f". tf&&#*.#«jMfc££*#t, * 1 *l IOOToit «IA«#A^^ 
30 ft| 120 , *f *WMfc/B ^ i £J 50/0^ PH 3 /N 2 «, PH 3 /He, ^ 
#>jfc*;# 50~2000sccm(#;£ cc/min) = 

26. 3 ^*^-f+*7fc#t«^«it** f 
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$l m » * 4? H5/533: 



PSG(#^*fe Jbafc$ : phosphorous silicate glass) & USG(^M£&itf -s£a£& 
: Undoped silicate glassHFU-ffcJB! - 

27. 3 ^f^^-f^^'fe^^^f'Jit^r^, 

5 tetraethylorthosilicate) , ££fi£ m&'% M PSG & J& USG J$ . 

28. 4Mftfe*|£-«. 3 ^tat^-f+frTb-fr***^*!***. 

•f . &fete:*fi£J|5 — **iC*ba^. £NH 3 ^#IT^ 700— 900*0 60 a>s.T. 
* RTP *,%^t*^tii*.*h«» JtX^MH 3 ^&T-f 400~500°C 6«>lTi& 

10 29. 28 ^^-f^TG^^^S^^Jit^J*. 

■f . >&#ri£ NH 3 ^^T^sfcil.*.^. 400^500 "C 60 a ^.T. -J" 

N 2 0 ^ Oz^Ti^f 1 *] 2 ^^^^-f-^^^^bJS^^mo 

30. *#4E^-^, 

15 *#**fi£-f- , f*JM -L««ft,£550— 66Or60ia>l^^^^^T 

&*f&#&*hS# MPS MtflT ; 

31. #-^^'J^^.30^60^-f-#-^G^'%^. 

20 *##fi£ MPS JMOT^fc^A^&fc^v&jf* MPS MrttAtf . 

fc&jfc/ft.J'S TiN. TaN* W> WN> WSi * Ru. Ru0 2 . Ir^ Ir0 2 ^ Pt 

25 4hJ$ + MiteH—fti&M. 

34. ^^X^J^33^f^60^- , f^iL^%^^ > *##Mfc-f , #fi£Jnip 
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ffi m =& 



5 

10 ii:^rj*o 

4f ifc#(soft error)^7 k 4.^^J^fB^jHl(refiesh time)#*ft#, ^^•^.^•^ 25fF/ 
■T"*%*«DRAM/8fc«*Mfr*T. 

(Depth of Focus), £4**lX#j§#£Ax# „ 
25 Bit, A|«iNO«^taf. ***256M«.t^T--ftDRAM 

tf^fc **4iMr 25 fil 27 4* TfcQsfcfcft*** 4 *J 5 # NO *«. 
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« H J 1? H2/io;^ 



^h^f *h , & - J- Ta 2 0 5 4 ^ -f - -h^P %J&>TSF *#L# 

£ft«l#£H«N Ta 2 0 5 #Jafctt##(precursor)d$ Ta(OC 2 H 5 ) 3 *$;fr*L 

10 to, -%A-f- 0 2 ^,N 2 0 *L^^fl&4A^*>t^(C)>*-f-^, C>CH4.C 2 H4 

& ^(Carbon) A -f - ^ ^ A ^(radical) * -H. ft £ 4£ % S$ % &»t ft if 

15 < ptp i>t^^^^i(^^x^)^i^ "-~*tX i n 2 o ■ * ,o 2 K^ri^ 

ii^^r(depletion layer)iw*£i# . 

*f> lf^tl3 _U&/a HDP. BPSG s& SOG £ *K EE 

5 i4fcJB***fMM«**t. £*Ltf&4fc& 7 iftfl PE-TEOS 

25 

J&®$L, 7* BUiAft.^Jtt 5 3 

30 ti£4teJL&Atil 9 

11 o 
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* fl # 313/1031 



*£JLft4lA& 13. #*. g^ifc. te-jSEJLAfcfcJK 13 _L^^^ 
(stDFBgeiiode)««A«A«B9ft. ^^^^^^Nfc^l^JLAHfliJK 13 ^jg: 
****** n ^_t^ . n ia&^jtjm,^ 13 «** 

5 ih^_L«E4t#^^^^^ 15. 

3 tff-^, 3tii^^^^Jit#^^-!^-#^^^^:^. 15 JLJiJg. 
dtJL^H.^ 13. ^AT^%*L15a. StJ&. £&^T£p **L 15a 
ftttJii*. «ATaON*lk 2 05^***17. #*, ^NaOJfcQ^&T* 
TaON ^ Ta 2 0 5 17 ^-ff £«&*b£ TaON * Ta 2 0 5 <fr*L 

*-T***^.«^«,4fc*)-*. *PU*JHL4fc*i^H^«(buflfer layer)^ 
A**4**.Aate. ££-flM****. 

20 -h&ife£?500~1500A#, £f*JL, T***t****a&**^. ^ 

% — & H 2 0 j£ 0 2 ^UtT** TaON ^ Ta 2 0 5 ^%^^^f 

(depletion layer)^^^ |5J« -fit St ^(depletion ratio)(AC)^ 7 17% 

25 .jfcB^, ^it^^(AC)=l-[[(C ** - C * (J .)/C 

**]*100]. its, C***ft-L^%*tftA» • + * &&Htf)i&&(Cs)^ C 

£—:3r#. TaON%£.»#4m;frsfctf7, # T^rfifc- TaON#J&j& 

30 700-800 1 N 2 0 * 0 2 ^*TJSMfc&&« . fc*.. 
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« 4? B4/10M 



#L#T*pfc£^,&#4l®#3&i?&Jfcfe (pile-up) ?fe * , fN£-iHl-ap^i6j*h^4f 
^iC !8 a T^pTfe *L« 6$ it Sfc*i£ *] * 'b ## SI A ^ it 

_ M&ftMtfJzrM 

15 

#x£.f'J_ti£ gift. tttttil*ttftft¥llE t &nm&ir&Mi#&j£-?& 

Meta-Stable-Silicon)^T-^%*L^^-J^.^p ; ^ 550~660r # WlJ&%>% 
(phosphoms)^^#iT*t_ti£T# %>&3&ft tymfr ; ^L_L^T^ % 
20 4S.-L^ A TaON ^fcfM&ttiMtf* ; £-Ls£ TaON A-Ms%#l 

fc^+fMfctf *±J£+*#*>tJL#A***Jlk***Jtfl! 

*&T*Pfc#L#:JML*»j £ 550— 650"C^^^fp^(phosphorus)^^^ 1 T^ 
*##fi£ MPS #T^*fe$#jlM#-*&JEtf#JBMfe ; ,Mfi£T*F*#l-U& 
A TaON ^HLfMU^**' ;*t#rs£ TaON ^fc^J&^iE^&Jg^JSM* • 
-Mf s£ TaON 4h%#J&_L^ A-t^F fe*Ltf #4&L . 

10 



V&&£$i&*kMtf)lSrm* ■, MPS Mt^m* ; 

£.$Tl& MPS MJu& 550~660r^^^^^^#.^^T^^f^#^^#W 

M&jm£&&tf&^mft&i£!_tV&i&g.#fi£ mps 
(sacrificial>l±^E5.>i-^#^^ ; MPS 

%~j&±fi&}$-m* ; &££mjz#T& mps M:n-M&&±.&%¥}&m%H. 
>m%x&¥] $-mfr ; mps jm** -^^^^^ & j, , 

gj. TaON j^j bgjWgjMj; ; j jfjj TaON fr fefrJBME. 700— 900r 
*» N 2 0 # 0 2 *1#IT**JS — &ig.*.*t«*$ jMM*» ; &$\$L TaON 
m *L%L¥) ifi-m* ; &#T&±^ $L%Ue& 800—950 °C &j &&T:& 

#^^ ; ^^4-^^J 1 ^^ T R r ^ 550— 660^6* &&^^-f^ 
&T:&*r&#£*ti?£itf MPS ^T-Sp &ft&T^%>%L±1& M 
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x^ja&sh 

5 X^S']®©; 

10 



*l#X#*]«gI . 

20 21 x£4Lftffi*&Jtt 23*&ARHfc*Jft23 x^iM* 

#&*J&®*(iM*tfO- J&*f , >£fa|j&4Lj$ 23 Ji-HL/g HDP. BPSG SOG 
4Mt*£4fc- 

*— *P^* -9-#&>t 21 #&Jfc&*l 25 . 
25 £!frAAJ&B£(£.n*t!0. 25 #AflqJfc*JK23 * 

&^X*X. &4&£3.##tfL 25 W#**^>&. i&it CMP X^*^«*k 
*|X^St#*#**l*iJ&«A*)Sk*&*27. JfcB^, #j&#^J3#&£^bg- 
LP-CVD £ KTPit^A. *^^^(P)^^- 2x I0 20 ^-f-/cc #x . 
^*#«k#*27^*fiI<fc*Ml23*ft^Jifl5Ji» £4t«U*ft, 
30 4fc& 29. ^^^x^t^AWJtAli^Jfttt^x^t^tkAJia^*. A 

B*. 0M*JU&&29. ^ LPCVEK PE^ CVD- A RTP 3t£-E4£ 200^800 A 

12 



**. *®5m*> 29 ±.%AjL&&<ilm3u &&&& 

31 PE-TEOS , PSG 4 Si-H *<baae)#*H* USG « 

5 — o 

##» J*JL&&<&& 31 — **#Jt*t»*k*J^BM*IL'fcJK 29 Stff-tt 
10 4J. 27 23**-- ft*, ifcat, £4***AA*,fcj* 

#*t##>£5— 20:1. 

^ faflnorganicffi j, ^L(organic)^ jjjHjljj. &j| j, 300 i'i 1000 A M- 
15 I. 

*)J&. 27 

550-650TC «*«AT* AWS*« MPS<a:«jfc*fe :Meta-Stable-SiIicon) 
20 A HSG(Hemi-Spherical-Grain)35 . 

##. m&MPSM35&, *#(P)1*«l*,t, 1~5%#PH3/N 2 
* 50-2000sccm SifL*^ PH 3 /He T*fr*#ft(thennal doping) . 

J&tf. 550-650 °C, £#4. 575-625 595-605 1 #* ft, 

?&£#T, *# 1— lOOTorr fcBttAj&ttifcjttt&T^fr 30 «| 

25 120 3Ht#&#£. 

*#***#**t*£ 550-750 t:**aAT*^r«ft#**»H 8 
600 °c a A T T#f-J * ft «**(p)# & a A . 

PH 3 1**. 570-580 tT^fr P#^X^fi^ 700'C^aA*-L*f , 
30 t & A *(Si);L*£* J* * , ^ 6 5o t ^ fiA T « # A &3:( a -Si)#£ . 
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« m 43 jgs/io^ 



(dangling bonds)#£m £ flfSfc . B A , ^£ 600 'C Wfri£«T#*J $ # P #- 
-i5E.4t^***JtA^4L*Jb.^A«iMPS A35 J^^BNfcJfc 

5 «i>S- 36 o 

*b»t » ^Kr*kf«^ltajE>5- 36 J^A*J&}sMrA O.Snm~1.5pm 
M-A&titm . PSG USG **U&JftjMM, 0.1nm~0.5nm £&tfM-/$L 

£.itm SOG . 

£ — 'fMjjL&ft-fcJBI 31 tfj&JftitM PE-TEOS st, ^JSI MPS 

. *»8 6 *M*. CMP i^it#J4,**»*kJJ!fJfc'lt«i > fi. 36 
MPS >& 35 . &&%L&zk& 33 > B*£4«(;M? 

ftJLftll'ftJft3 1*ft.h fl&*ft . 

15 j&Bt . £*J*»4*i*Wi«JL& 36 MPS >& 35 s 33 . 

CMP .XJ?- . ■*X#tefe'«**t/8 ifc^ag: JK*M* A)^T-gp 

3Mh 5&4r-£ fife- MPS 35 *A^*«Ji*J^»4*fj!f#Mt*JtA 36, 
20 ^^.MPS >&35 ^#*^*-fr*>6 33 W4M*#ttfc#J|i#fc*l. ifc 

(simple stacked stmcture)^^^^^^ J.^^ — =.$^^j6t 
25 #J &^#K7 #l(concave)£##I . 

£Mh *»®7#M*, £&^MPS>g-35#J.,&|UfcJ&31 
-t» ^4tTaON^%^J^37. 
30 #4-, #TaON^&#J&37£ 700~900°C^ 

n 2 o 4, o 2 *i#.Tat*fj&£i&*.*bffi . 

14 
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& B J # H9/10M 



##A»TaON^fc#J*37#^fe#, NH 3 ^#tT£ 700— 

90or:^aAT. £rtp #*#t* TfeON^%#jfc37*tfr*;Utag, 

400— 500rtf*AT******Mfc«. #JL4AJj TaON^%#/&3 7 pt, 

400— soortf tea** n 2 o * o 2 K^T&if 1 *j 2 $ 

##. £TaON4hfe4M*37-t, *H«JB Tid* *L*** CVD *. * TiN 
A 39 MQtm 200-500 A * , A © * *^ A . 

^^'CstPess)^*^*.^^^,^* 500—1500 A 

TaN» W. WN, WSi, Ru, RuQ 2 , Ir> IrQ 2 , Pt tt^* jUfrj&ttt-#»ft 
15 TiN ^-39 *^^±^t^L. 

**iti^*«***S*(deactivation)flHL. 

20 © 5 ^f*^*******«.a«l*Jt«**. £#AA#%*U&. £ 
800-~9S0r**a£ftHrt*J* RTP jfcfcf, rtp 

#ig.*.*fc^i£*f# 10-60 *I^i*^itiC*taL^N 2 *L« 1 T#&liff 5 *l 



15 
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ft m 45 mo/ioM 



5 

(depletion ratio)a£. #j & , -ft % ^(C **) » *Pi#J_L-3p &%L&jjv * - - % 

El T<Pfc*Ltf TaON($, Ta 2 0 5 )^&#^ift %^3Mb T 

NO s£ TaON(^, TkaOs^fc^&tffe^lMSJfc. ^"#*J jt*6$£ 
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mum 
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« « 4s m ® M3/m 
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& b j ^ m m m4/m 
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